3.2% of all malignancies, 9 the question whether neck RT disrupts BP regulation is a crucial and practical issue.
The aim of this study is to evaluate the short-term BP response pattern during neck RT in patient with HNC.
PATIENTS AND METHODS
The protocol of this study was approved by the Institutional Review Board of the Chaim Sheba Medical Center. For this study, we included patients aged 18 years and older who were diagnosed with HNC and were treated with radiation to the neck in a daily dose of 1.8-2.5 gray (Gy) for a total dose of 45-70 Gy. In order to be eligible for the study, the patients had to be in a performance status (Karnofsky) 0-2 and to sign an informed consent. Patients with documented orthostatic hypotension in the last 2 weeks previous to RT or with Diabetic neuropathy or Parkinson's disease were excluded.
STUDY PROTOCOL
BP, heart rate, body weight, nutrition and hydration status, and medication use were recorded before starting RT (visit 1), 1 month (visit 2) and 3 months (visit 3) after initiation of RT.
BP was measured by a trained nurse practitioner with an appropriate arm cuff and an automated sphygmomanometer. BP was measured twice, 1-minute apart, in the seated position after 3 minutes of rest and the average of the 2 measurements was recorded. Orthostatic BP measurements were obtained in the supine position after 5 minutes of lying and 1, 3, and 5 minutes after standing.
At the end of each visit, 24-hour ambulatory BP monitoring (ABPM) measurements were recorded. Data of 24-hour ABPM were analyzed for the average of the 24 hours, day and night BP, and for BP variability (defined as the coefficient of variation of the SD of the measurements).
Blood and urine samples were obtained for nutrition and dehydration parameters (kidney function, electrolytes, and albumin) at each visit.
Patients were requested during each visit to fill a questionnaire regarding falling events.
Statistical analysis
One-way analysis of variance of repeated measurements was used to evaluate BP and body weight differences between visits. Multivariate analysis was done to evaluate whether prior antihypertensive treatment, concurrent chemotherapy, one vs. two-side RT, and neck surgery determined BP changes. P < 0.05 was considered as a significant difference.
The association between changes in body weight and BP was evaluated by Spearman's correlation test.
RESULTS

Patients' characteristics
We recruited 19 patients (17 males) 64 ± 12 years old between May 2013 and September 2015. Larynx carcinoma was the most prevalent tumor. Patients received radiation for 31 ± 3 days to a total sum of 65 ± 5 Gy. Most of the patients (13/19) got bilateral radiation. Concomitant chemotherapy was prescribed for 9 patients. Neck dissection was performed in 4 patients prior to the RT course. Nine patients had a chronic antihypertensive medication treatment at baseline (average of 1.9 ± 0.8 medications each) ( Table 1) .
Changes in BP, body weight, and metabolic parameters levels All patients completed 2 visits and 15 patients completed the long-term follow-up.
During the study period, patients lost weight significantly ( Figure 1) .
Office systolic BP and diastolic BP decreased significantly 1 month after RT initiation (average interval between visits, 35 ± 8 days) without a significant change in heart rate ( Table 2 ). The initial decrease in office BP was maintained for several months after RT completion as was measured in visit 3 (107 ± 20 days after RT initiation) ( Table 2 ). Tumor type (n/total) Ca of larynx (8) Ca of nasopharynx (2) Squamous cell Ca of tonsil (2) Ca of oropharynx (2) Oral cavity Ca (2) Adnexa Ca (1) Squamous cell Ca of scalp (1) Ca of base of tongue (1) RT length (d) 31 ± 3
Total radiation (Gy) 65 ± 5
Bilateral neck RT (n/total) 13
Neck dissection (n/total) 4
Chronic hypertensive treatment (n/total) 9 Baseline office BP (mm Hg) 128 ± 4/80 ± 3
Antihypertensive medications (n) Angiotensin converting enzyme inhibitors (5) Angiotensin receptor blockers (2) Beta-blockers (4) Calcium channels blockers (4) Diuretic (2) Gender, age, body weight, BMI, tumor type, radiotherapy details, and hypertensive treatment at the beginning of the study. Abbreviations: BMI, body mass index; BP, Blood pressure; RT, radiotherapy.
Similar decrease in systolic BP and diastolic BP was recorded by the 24-hour ABPM. The data of the 24-hour ABPM showed that BP decreased during the daytime and nighttime (Table 2 ). There was no difference in BP variability between the ABPM's measurements (Supplementary Table 1) .
BP-medication dose adjustment (down titration) was done in 2/9 patients during the first month of RT.
The decrease in BP after radiation was not dependent on baseline diagnosis of hypertension, baseline weight, and type of therapy (surgery, one vs. two sides' radiation, or chemotherapy). It also was unrelated to weight reduction. Despite a significant reduction in BP and in body weight from visit 1 to visit 2, there was no correlation between the changes (R 2 = 0.0005, n = 19). The patients continued to lose weight from visit 2 to visit 3, although BP remained stable (Figure 1) .
Orthostatic BP measurements revealed no orthostatic BP fall in all visits (Supplementary Table 2 ). However, 2 patients reported an episode of fall during the first month after RT.
There was no change in metabolic parameters except for lower fractional excretion of sodium, a marker of dehydration (Table 3) .
DISCUSSION
In this study, we have shown that during RT for HNC there is a significant decrease in BP, as shown by office and ambulatory 24-hour BP measurements. The decrease in BP is accompanied by weight loss but there is no orthostatic hypotension. The initial BP reduction is maintained for several months.
The incentive for this study was derived from the notion; shared by many clinicians that HNC patients suffer from weight loss and low BP during RT which makes them fragile and susceptible to falls during treatment.
Labile BP and orthostatic hypotension due to baroreflex failure, years after HNC RT, is a well-established complication that was studied and described in details. 8 However, there is no sufficient data regarding the short-term effect of RT on BP. Early in the beginning of the previous century, clinicians assumed that decrease in BP and orthostatic hypotension may explain the patients' weakness and vertigo during RT (Coutar et Laved 1922 10 ). Nevertheless, no prospective study has been done in order to address this question till the 1970s. A significant office BP reduction was demonstrated in visit 2. The BP reduction was sustained even weeks after completion of RT (visit 3). BP measurements by 24-hour ABPM demonstrated a significant and sustained 24 hours, day time, and night time BP reduction similar to the office measurements. Abbreviations: ABPM, ambulatory blood pressure measurements; DPB, diastolic blood pressure; HR, heart rate; SBP, systolic blood pressure. *P < 0.05 vs. baseline. Hemoglobin (g/dl) 13.5 ± 1.3 12.7 ± 1.2 13.5 ± 1.5
Albumin (g/dl) 4 ± 0. There was no change in most of the metabolic parameters of the patients except for FENa, BW, and BMI. Abbreviations: BMI, body mass index; BW, body weight; FENa, fractional excretion of natrium. *P < 0.05 vs. baseline; **P < 0.01 vs. baseline and visit 3 vs. visit 2.
To our knowledge, only 2 studies by Larsson et al. evaluated BP during RT treatment. In the first study, they recorded supine and standing BP in 176 patients who were treated by RT for different tumors. 10 In the second study, 55 lymphoma patients underwent comprehensive cardiac evaluation including supine and standing BP measurements during RT. 11 In these studies, patients receiving antihypertensive medication were excluded. In addition, there were no sitting BP measurements and most of the patients did not get radiation to head and neck region. The upright BP measurements were taken after 8 minutes of standing, a longer time than the recommended. Moreover, HNC patients are unique population because RT to the neck can disrupt the baroreceptors that regulate BP in addition to other effect of RT. Until now, BP changes during head and neck RT are described as case reports. 12 Hence, our study is the first to evaluate BP response to head and neck RT using office and ABPM measurements. There are several advantages of 24-hour ABPM measurements: (i) ABPM is the most reliable method and considered as the gold standard in the diagnosis of hypertension.
(ii) ABPM can overcome office BP measurements pitfalls like "white coat" phenomenon and "mask hypertension". (iii) ABPM provides data about time and situations that cannot be evaluated in a regular office measurement like night (sleeping) BP. (iv) ABPM also provides data regarding fluctuations in BP values during the day (BP variability), a parameter that may indicate baroreflex involvement. 13, 14 Huang et al. demonstrated recently that 6 months after head and neck RT we can see chronic inflammation that impairs the baroreceptors function. 15 During RT treatment, there is an acute inflammatory response in the neck which may affect deeper structures such as the baroreceptors. In our study, we did not observe evidence for baroreflex failure, as we did not record office orthostatic hypotension and no 24-hour increase in BP variability. Furthermore, we did not observe nocturnal BP increase as expected in patients with orthostatic hypotension. 16 Larsson et al. tried to explain the BP reduction during RT by the habituation to the measurements. 10 If this explanation is true, hypertensive patients should be better used to BP measurements than normotensive ones. In our study, there was no difference between normotensive and hypertensive patients despite familiarity with the procedure. Moreover, 24-hour ABPM measurements neutralized any behavioral factors like anxiety that may influence BP results. Indeed, the 24-hour ABPM presented mild BP reduction, but it was still significant, in both groups. One should remember that even with antihypertensive medication, the BP reduction in office measurements is greater than what is seen in 24-hour ABPM results. Thus, our results in ABPM are significant and in accordance with the office BP reduction following the RT.
In our study, there was a modest but significant weight loss between the visits (from visit 1 to visit 2 and from visit 2 to visit 3). This can be attributed to low caloric intake due to loss of appetite and swallowing difficulties. One can argue that weight loss was the cause of the BP reduction as many studies demonstrated, in hypertensive patients, a correlation between weight reduction and improvement in BP values. 17 In our study, the patients lost around 3% of their body weight between each visit and overall of 6-7% from baseline weight. The influence of modest weight loss on BP is controversial. The AHA/ACC/TOS guidelines of obesity management state that 3-5% weight reduction is insufficient to decrease BP levels. 18 On the other hand, in a recent study, Gilardini et al. demonstrated that even less that 5% weight loss can induce BP reduction. 19 However, BP reduction after weight loss is seen mainly in obese individuals where the overweight contributes to the pathogenesis of hypertension. 20 Our patients were in the normal to slightly overweight range of body weight (according to body mass index calculation). The effect of weight loss on BP in nonobese is also not a clear issue. Imai et al. claimed that weight loss decrease BP in nonobese patients. In their study, modest weight loss of 2-3 kg over 5 months had influence on BP even after 1 month of diet program. 21 In this study, there was also salt restriction that may affect the BP as well. In another study, Riordan et al. demonstrated the 10% weight loss by caloric restriction, but not by exercise, may reduce BP after 1 year of follow-up, in nonobese individuals. 22 On the other hand, in a similar protocol, Fontana et al. showed no significant change in BP due to weight loss secondary to caloric restriction for a year. 23 Other explanation for the lower BP in our patients is that the weight reduction may reflect dehydration and decrease in intravascular volume leading to low BP. The lower fractional excretion of sodium after a month of RT may support it. On the other hand, there was no orthostatic hypotension one can expect in dehydration. In the work of Larsson et al., measurements of blood volume in a subgroup of 6 patients revealed no volume reduction. 10 Nevertheless, despite weight loss continuing in our study, the BP was stabilized between visit 2 and 3. In addition, the BP reduction in our study was way above the level that is expected from weight loss. 24 The correlation between the office and ABPM results in our study can save the patients the inconvenient of ABPM. Thus, when there is a significant reduction in office BP values the clinician can consider reducing antihypertensive drugs without the need of tests like ABPM.
Our study has some limitations. It is a relatively small study but nevertheless the results were statistically significant. We also did not study patients with other malignancies who received RT because of the heterogeneity of cancer patients receiving RT, and therefore we cannot relate the BP reduction we observed specifically to the head and neck radiation.
In conclusion, when starting RT for HNC in elderly and hypertensive patients, a significant BP reduction should be expected. The BP fall is probably multifactorial and may be attributed, at least partially, to dehydration and weight loss. Our results suggest that holding antihypertensive drugs should be considered during HNC RT. In addition, intravenous fluid administration should be considered.
SUPPLEMENTARY MATERIAL
Supplementary data are available at American Journal of Hypertension online.
